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INTRODUCTION
material is laid down during the feeding season, the scales collected during the spawning season 178 represent the isotopic signature of the area occupied by the fish during the whole preceding 179 feeding season and not only during part of it. 180 To assess the presence of spatial differences in the isotope composition between areas a random 181 forest classification model (R package "randomForest", Liaw & Weiner 2002) was used. 182 Random forest analysis (Breiman 2001) is a nonparametric technique derived from 183 classification and regression trees (CART). The decision-tree modelling approach requires 184 fewer assumptions than traditional parametric methods (e.g. Linear Discriminant Analysis) 185 (Strobl et al. 2009 ). In particular random forest analysis allows correlated predictor variables 186 to be utilised without transformation or exclusion to obtain unbiased predictions and estimates 187 of variable importance (Strobl et al. 2009 ). In this context, random forest analysis has been 188 shown to be preferred for discrimination based on otolith microchemistry when the 189 assumptions of the traditional parametric methods cannot be reached (Mercier et al. 2011) . The random forest model produces many classification trees from which are derived an ensemble 191 of classifications to predict the dependent variable (in our case "geographic location" of sea 192 bass) as a result of average assignment across trees (Strobl et al. 2007 , Strobl et al. 2009 196 Estuarine fish were excluded from this analysis, to remove the effect of the different salinities 197 encountered between freshwater and marine habitats on δ 13 C (Doucett et al. 1999 ). The analysis 198 was also restricted to fish of a similar size range (40-50 cm TL) to remove the effect of the fish 199 size on the variation of δ 15 N between individuals (e.g. Jennings et al. 2002) . The δ 13 C and δ 15 N 200 values of 156 sea bass between 40 and 50 cm TL caught in coastal areas (98 caught during the 201 feeding season and 58 during the spawning season) were then compared to assess if spatial 202 differences in isotope composition existed. The nine different capture locations were first 203 aggregated into three main groups: north, mid and south Wales (Figure 1 ). The random forest 204 classification model was then used to test if there was a difference in scale δ 13 C and δ 15 N values 205 between north, mid and south Wales and whether it was possible to correctly assign the fish to 206 the area where it was caught based on scale isotopic signature. In addition this statistical 207 technique allowed the importance of each predictor variable in the classification process to be 208 evaluated and ultimately to identify specific isotopic signatures by area. Based on the level of 209 separation and/or overlap of the isotopic signatures between areas we expected to derive 210 insights on movement patterns related to feeding behaviour for adult sea bass.
211
The association, or proximity, between each fish (characterized by the combination of δ 13 C and 212 δ 15 N), is the number of times that they occur together in the same terminal node. The
213
"randomForest" package normalized these counts to produce a proximity matrix that can be 214 analysed using a metric scaling method. The resultant Multi-Dimensional Scaling plot 215 represented the degree of differentiation in stable isotopes values between the three geographic 216 locations.
217
Conditional variable importance was reported to show the relative contribution of each 218 predictor variable (δ 13 C and δ 15 N) to the classification performance. To evaluate the conditional 219 variable importance we measured the Mean Decrease Accuracy (MDA) of the forest when the 220 values of each predictor (δ 13 C and δ 15 N) are randomly excluded (or permuted). The greater the decrease in the accuracy of the random forest resulting from the exclusion (or permutation) of 222 a single variable, the more important that variable is for classification of the data.
223
To aid interpretation of the results of the random forest analysis, a conditional inference tree 224 was used. In particular this single-tree method helped to trace the effects of δ 13 C and δ 15 N on 225 the classification of the feeding locations of bass and ultimately to identify the range of δ 13 C 226 and δ 15 N values associated with each location. To this end, the "ctree" function for conditional 227 inference trees in the "party" R package (Hothorn et al. 2006 ) was used. 228 We finally assessed the degree of correlation between the average value of δ 15 N for sea bass 229 scales for each location sampled in this study and the corresponding values of predicted spatial (Figure 4 ). This demonstrates that the spatial differences in δ 15 N detected in this 290 study are consistent with the spatial patterns in δ 15 N that occur at the base of the food web 291 suggesting localised feeding in Welsh sea bass. Our results also showed that the average δ 15 N in fish scales tended to increase with latitude.
314
This south-north gradient of δ 15 N seems to be confirmed from other studies, which documented 
